INTRODUCTION {#sec1-1}
============

Erectile dysfunction (ED) is the inability to obtain or maintain an erection suitable for sexual intercourse.[@ref1] It is estimated that more than 50% of men between the ages of 40 and 70 years have suffered some degree of ED.[@ref2] Moreover, it is well established that the severity and prevalence of ED will increase with age and with the appearance of other comorbidities.[@ref3] It is also known that ED plays a major role in the adult male patient\'s well-being. There are many risk factors for ED, including age, obesity, smoking history, sleep apnea, hypertension, hypercholesterolemia, diabetes, cardiovascular disease, prostate cancer, and Peyronie\'s disease, amongst others.[@ref4] It is important to point out that the incidence of some of these pathologies increased over the last few decades. For example, the rise in the prevalence of the metabolic syndrome, which encompasses conditions such as obesity, hypertension, dyslipidemia, and insulin resistance, is a well-known factor for the development of cardiovascular disease[@ref5] and ED. Moreover, the increase in the number of patients presenting with the metabolic syndrome cluster is presently seen as an epidemic.[@ref6] This fact, along with increased life expectancy in the overall population,[@ref7] may explain the rise in the incidence and prevalence of ED.[@ref8] To address this condition, multiple treatment modalities have been developed, from vacuum erection devices, oral and injectable medications that enhance erections, to penile prosthetic implants. Multiple algorithms have been created to treat patients with ED,[@ref9][@ref10] and the majority encourage physicians to start therapies with the least invasive approach. Even though most clinicians do not consider penile prosthetic surgery as a first-line therapeutic option, it is one of the most effective and satisfactory therapies available.[@ref11] Given this fact, it is important to review the epidemiology with regard to penile prosthesis (PP) procedures.

HISTORY OF PENILE PROSTHESIS {#sec1-2}
============================

The first documented efforts to create an artificial penile erection came from the 16^th^ century in France, when Ambroise Pare developed a wooden penis to aid patients with micturition.[@ref12] Throughout the early part of the 20^th^ century, several attempts to create artificial erections were made, ranging from inserting bones in the 1930s, to acrylic splints extracavernosally in the 1950s, to inserting polyethylene implants intracorporally in the 1960s.[@ref13] However, it was not until the 1970s, when Scottet al.[@ref14] and Small *et al.*[@ref15] independently published the creation of a semirigid and an inflatable PP, respectively. Since then, penile implants have evolved with the advent of new technologies, especially in the field of implant materials and design. Nowadays, with refinements in surgical technique, penile implantation has improved to become a safe, highly reproducible, and less-invasive procedure.[@ref16]

EPIDEMIOLOGY AND HISTORY LEADING TO PENILE PROSTHESIS {#sec1-3}
=====================================================

It is important to recognize the pathologies that ultimately lead to prosthetic surgery. Although PP implantation is not usually considered as a primary therapy for the treatment of ED, its success and satisfaction rates make it an attractive option. Since the introduction of the phosphodiesterase type 5 (PDE5) inhibitors in the 1990s, these medications became the first line of therapy for this condition;[@ref17] however, roughly one-third of patients will fail to respond satisfactorily to oral or medical therapy.[@ref18] In spite of this, Lee *et al.*[@ref19] showed that only 3% of patients diagnosed with ED between 2001 and 2010 underwent PP surgery. In cases of severe ED, as in nonnerve-sparing prostatic cancer surgery, severe vasculogenic disease, priapism, and Peyronie\'s disease, the penile implant can also be recommended as the primary therapy, given that medical therapy is likely to yield poor results.

The aim of this systematic review is to determine the epidemiology and history of ED treatment that ultimately results in PP placement. The PubMed database was searched from 1990 to 2018 using keywords (*i.e.*, "penile implant," "penile prosthesis") that identify retrospective series describing PP placement for the treatment of ED. Data were extracted from articles' tables and methods section. Risk of bias could not be assessed due to variability in design of the selected articles. Articles were reviewed and relevant articles were selected according to the following inclusion criteria: (1) subject number more than 40 patients, (2) studies describing at least four primary etiologies of ED, and (3) series with PP models not undergoing clinical trials. A total of 104 articles were identified and reviewed, of which 27[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46] met the inclusion criteria (**[Table 1](#T1){ref-type="table"}**). All studies were retrospective observational cohorts in nature. Data were analyzed in two distinct manners. First, reported means and percentages throughout the selected articles were combined and averaged percentages were obtained for each selected parameter. This was done by adding the reported percentages, by etiology, and by dividing them by the total number of articles in which they were reported. Then, all patients and comorbidities across the series were pooled, and percentages were calculated from the common pool.

###### 

Penile prosthesis series

  *Study*                     *Patients (n)*   *Age (year)*   *Diabetes, % (n)*   *Vascular, % (n)*   *RP, % (n)*    *Pelvic surgery, % (n)*   *RTX, % (n)*   *Peyronie's, % (n)*   *Priapism, % (n)*   *Trauma, % (n)*   *Neuro, % (n)*   *Others, % (n)*   *Revisions, % (n)*
  --------------------------- ---------------- -------------- ------------------- ------------------- -------------- ------------------------- -------------- --------------------- ------------------- ----------------- ---------------- ----------------- --------------------
  Gofrit et al.[@ref20]       57               55             24.5 (14)           40.3 (23)           --             26.3 (15)                 --             --                    --                  --                --               --                --
  Menard et al.[@ref21]       254              58.6           22.8 (58)           35.3 (90)           16.5 (42)      1.1 (3)                   --             13.2 (34)             2.2 (5)             0.4 (1)           3.3 (8)          5.1 (13)          --
  Minervini et al.[@ref22]    447              52             27.3 (122)          25.7 (115)          --             10.3 (46)                 --             11.6 (52)             6.7 (30)            6.3 (28)          7.2 (32)         4.9 (22)          \(43\)
  Cumming and Pryor[@ref23]   130              --             25 (33)             14 (19)             --             8.5 (11)                  --             18 (23)               8 (10)              8 (10)            7 (9)            11.5 (15)         --
  Garber[@ref24]              150              60             40 (60)             61.3 (90)           --             4.6 (7)                   --             3.3 (5)               --                  --                2 (3)            0.6 (1)           \(9\)
  Lotan et al.[@ref25]        151              58             29 (44)             22 (33)             --             --                        --             --                    --                  --                --               --                --
  Ji et al.[@ref26]           74               57.0           21.6 (16)           20.3 (15)           --             --                        --             8.1 (6)               --                  13.5 (10)         12.2 (9)         24.3 (18)         --
  Souillac et al.[@ref27]     96               54.4           22.9 (22)           21.9 (21)           6.25 (6)       10.4 (10)                 --             8.3 (8)               13.5 (13)           --                5.2 (5)          17.74 (17)        \(22\)
  Montorsi et al.[@ref28]     200              55             --                  44 (88)             --             --                        --             28 (56)               1 (2)               0.5 (1)           16.5 (33)        3 (6)             7 (14)
  Carson et al.[@ref29]       372              57.6           12.9 (48)           27.7 (103)          9.4 (35)       2.2 (8)                   1.3 (5)        16.9 (63)             --                  1.1 (4)           2.2 (8)          5.9 (22)          --
  Ohl et al.[@ref30]          113              61.0           31.9 (36)           34.5 (39)           26.5 (30)      8.8 (10)                  --             23.9 (27)             --                  4.4 (5)           4.4 (5)          12.49 (15)        --
  Lux et al.[@ref31]          146              58.7           13 (19)             56 (82)             16 (24)        3 (4)                     --             11 (16)               --                  --                1 (1)            --                --
  Goldstein et al.[@ref32]    434              61             13 (56)             56 (242)            --             --                        --             6 (26)                --                  --                6 (26)           19 (84)           18 (76)
  Levine et al.[@ref33]       131              56.8           --                  62 (81)             17 (22)        2 (3)                     --             15 (20)               --                  --                --               4 (5)             --
  Vitarelli et al. [@ref34]   80               56             33.8 (25)           20 (24)             --             43.2 (32)                 --             16.2 (12)             1.4 (1)             --                5.4 (4)          --                \(6\)
  Kim et al.[@ref35]          397              63.1           28.5 (113)          21.2 (84)           --             3 (12)                    --             7.8 (31)              --                  8 (32)            17.1 (68)        13.1 (52)         --
  Natali et al.[@ref36]       200              58.9           41 (82)             11 (22)             22.5 (45)      15.5 (31)                 --             10 (20)               --                  --                --               --                --
  Chiang et al.[@ref37]       331              --             12.7 (42)           73.5 (243)          --             0.6 (2)                   --             6.6 (22)              0.6 (2)             --                2.7 (5)          1.8 (6)           1.5 (9)
  Carson et al.[@ref38]       39 005           62.15          21.6 (6695)         54.3 (16 463)       25.55 (8411)   4.5 (1130)                --             11.15 (3330)          --                  --                0.8 (239)        4.65 (1615)       --
  Henry et al.[@ref39]        114              63             38.6 (44)           --                  35.05 (40)     --                        --             14 (16)               --                  --                --               12.2 (14)         --
  Ralla et al.[@ref40]        51               61             21.6 (11)           --                  --             27.5 (14)                 3.9 (2)        3.9 (2)               2 (1)               --                5.9 (3)          43.1 (22)         --
  Otero et al.[@ref41]        248              58.45          28.5 (67)           19.5 (45)           27 (68)        --                        8 (16)         --                    --                  --                --               23.5 (61)         --
  Bennet et al.[@ref42]       1135             63.39          20.3 (230)          18 (204)            27.4 (311)     --                        --             10.3 (117)            1.4 (16)            --                --               22.6 (257)        --
  Dhabuwala et al.[@ref43]    339              61.25          27.9 (92)           56 (183)            40.3 (146)     --                        --             9.66 (32)             2.2 (7)             --                2.83 (9)         --                27.6 (90)
  Paranhos et al.[@ref44]     139              62.68          45.3 (63)           21.6 (30)           25.9 (36)      --                        --             6.5 (9)               --                  --                3.6 (5)          --                8.6 (12)
  Pryor et al.[@ref45]        40               66.2           30 (12)             32.5 (13)           50 (20)        10 (4)                    --             --                    --                  5 (2)             --               12.5 (5)          --
  Liberman et al.[@ref46]     90               56.8           25.5 (23)           46.6 (42)           8.8 (8)        2.2 (2)                   --             --                    --                  --                14.4 (13)        2.2 (2)           --

RP: radical prostatectomy; RTX: radiotherapy to the pelvis; Neuro: neurological conditions; --: no patients with this condition reported

 {#sec2-1}

### Age {#sec3-1}

Throughout a total of 27 PP series, the mean age for implant placement was 59.12 years. The fact that ED incidence, prevalence, and severity increase with age has been vastly demonstrated across all publications.[@ref3][@ref47][@ref48] The Massachusetts Male Aging Study showed that the risk of ED is about 26 cases per 1000 person-years.[@ref47] Along with an increased incidence of new cases, the relative risk of worsening sexual function also increases with age.[@ref3] These facts are associated with an increased prevalence of other comorbidities in the elderly. Many conditions that predispose to ED are also considered age related. Disorders such as cardiovascular disease, metabolic abnormalities, endocrinological disorders, and neurological diseases are also well known to increase with age.[@ref49]

### Race {#sec3-2}

Most studies show that ED occurrence varies with race.[@ref3][@ref4][@ref47][@ref48][@ref50] The prevalence of moderate-to-severe ED is approximately 22% for all races (21.9% Whites, 24.4% African-Americans, and 19.9% Hispanics).[@ref50] Differences in lifestyle, diabetes, hypertension, education, and socioeconomic and relationship status are factors that affect the probability of severe ED.[@ref50] One study shows that Hispanic men are twice as likely to complain about ED when compared to Caucasian patients, and African-American rates of outpatient ED-related visits are 3--5-fold higher than those of Hispanics or Caucasians.[@ref51] Studies also show that Caucasian patients and those with private insurance were associated with a higher probability to be PP recipients.[@ref52] Across the series analyzed in this review, five studies[@ref25][@ref29][@ref39][@ref42][@ref44] reported race as one of the demographic variables. Of a total of 1902 patients who underwent PP surgery (**[Figure 1](#F1){ref-type="fig"}**), 79.4% were Whites (*n* = 1511), 14.5% were African-Americans (*n* = 276), 3.4% were Hispanics (*n* = 65), and 2.7% were other races (*n* = 51).

![Penile prosthesis by race.](AJA-22-2-g001){#F1}

### Comorbidities {#sec3-3}

ED may be caused by multiple underlying conditions (**[Figure 2](#F2){ref-type="fig"}**). Across the analyzed series, the lack of standardization in reporting medical conditions and the fact that multiple diseases may be affecting a single patient make the identification of a primary cause of ED difficult. The most commonly described comorbidities across these series were diabetes mellitus and vascular diseases.

![Cause of erectile dysfunction.](AJA-22-2-g002){#F2}

### Diabetes mellitus {#sec3-4}

Diabetes is one of the most common comorbidities affecting patients who undergo PP. The pathophysiology of diabetes-induced ED is multifactorial. Mechanisms include an excess of free radicals, damage to the nitric oxide (NO)-producing endothelium, neuropathic and myogenic damage, and even impaired protein function.[@ref53] Selvin *et al.*[@ref4] showed that the prevalence of ED in diabetic patients is roughly 50%. Moreover, of the 27 selected articles in this review, 26[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46] described patients with diabetes mellitus who underwent PP placement. The mean incidence of diabetes was 26.3% (range: 12.7%--45.3%).

### Vascular causes {#sec3-5}

Erectile dysfunction and vascular disease are well known to share a common pathophysiology, through endothelial dysfunction.[@ref54] It has also been established that ED is closely associated with cardiovascular disease.[@ref55] In the medical literature, vascular conditions affecting erectile function encompass a variety of diseases, from cardiovascular disease, hypertension, and cavernosal arterial insufficiency to intrinsic corporovenous occlusive insufficiency. There is no standardization in reporting vascular conditions throughout the ED literature. Nevertheless, vascular etiologies are the most common pathologies identified in patients undergoing PP surgery. In modern series, vascular disease represents the main cause of ED in 35.8% of patients (mean: 11.0%--61.3%).

### Surgical causes {#sec3-6}

Pelvic surgeries, especially radical prostatectomy, have been historically considered as one of the most common causes of ED.[@ref56] The proposed mechanism has been direct vascular trauma and neurologic damage to the plexus that provides innervation to the corporas.[@ref56] Improvements in surgical technique, with the preservation of neurovascular bundles to the penis, have improved the outcomes in terms of erectile function.[@ref57] Furthermore, the use of robotic techniques claims a modest improvement in outcomes with regard to ED.[@ref58] Modern series estimates that approximately 33.8% of patients undergoing PP placement also underwent some forms of pelvic surgery (23.6% radical prostatectomy and 10.2% other pelvic surgeries).

### Radiotherapy {#sec3-7}

Radiotherapy (RTX) to the pelvis, most commonly for prostate cancer, has also been described as a source of ED in many studies. The pathophysiology involves radiation damage to the neurovascular bundles, pudendal and accessory pudendal arteries, as well as direct damage to the cavernosal smooth muscle and penile bulb.[@ref59] Tal *et al.*[@ref60] analyzed over 52 000 patients, using the SEER database, who underwent radiation therapy for prostate cancer, and determined that the penile implant utilization rate was 0.3%. Three[@ref29][@ref40][@ref41] of the 27 studies utilized in this review included patients who underwent pelvic radiation therapy in their cohort. On average, 4.4% (range: 1.3%--8%) of patients undergoing PP surgery received radiation.

### Peyronie\'s disease {#sec3-8}

Peyronie\'s disease is commonly described as an inflammatory response at the level of the tunica albuginea, which is followed by plaque formation that may cause penile curvature, pain, and ultimately erectile dysfunction.[@ref61] The pathophysiology of ED has been proposed to be associated with corporovenous occlusive dysfunction.[@ref62] Moreover, some proposed algorithms recommend the use of PP for the treatment of concomitant Peyronie\'s disease and medium-to-severe ED.[@ref63] The mean incidence of Peyronie\'s disease in PP recipients in this review was 11.93% (range: 3.9%--28%), being reported in 22[@ref21][@ref22][@ref23][@ref24][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref42][@ref43][@ref44] of the 27 series.

### Priapism {#sec3-9}

Described as an unwanted prolonged erection lasting for more than 4 h, priapism is a recognized cause of ED. The severity of dysfunction will vary depending on the duration of the event. For example, approximately 90% of patients with priapism lasting more than 24 h will develop severe ED.[@ref64] The resulting corporal fibrosis and the onset of corporavenous occlusive disease are the most common causes of priapism-induced ED.[@ref65] Some authors suggest that immediate insertion of PP after prolonged, or refractory, ischemic priapism episode is the best management in these patients who will inevitably develop severe erectile dysfunction.[@ref66] In our review, 10[@ref21][@ref22][@ref23][@ref27][@ref28][@ref34][@ref37][@ref40][@ref42][@ref43] out of the 27 cohorts described PP placement in patients who had suffered from priapism. However, the timing of prosthetic surgery and the severity of the priapism were not described. On average, 3.9% (range: 0.6%--13.5%) of patients receiving PP presented with priapism or its sequelae.

### Trauma {#sec3-10}

Traumatic causes of ED are reported differently throughout literature. In our review, we define trauma as direct injury to the penis or pelvic bones, causing ED severe enough to require PP surgery. Nine[@ref21][@ref22][@ref23][@ref26][@ref28][@ref29][@ref30][@ref35][@ref45] of the 27 articles in this review describe patients who suffered trauma and underwent prosthesis implantation with a mean overall percentage of 5.4% (range: 0.4%--13.5%). The pathophysiology varies from neurologic and vascular injury to the development of penile fibrosis and venous occlusive dysfunction.[@ref67]

### Neurological conditions {#sec3-11}

ED in neurogenic patients is related to the loss of central nervous system control over the sacral centers of erection, precluding patients to control the timing of natural erections and making spontaneous intercourse almost impossible.[@ref68] In spinal cord injury patients, PP has become a very reliable and safe method to treat ED.[@ref69] The average incidence of neurogenic ED in patients undergoing PP is 5.8% (range: 0.8%--17%), reported in 19[@ref21][@ref22][@ref23][@ref24][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref34][@ref35][@ref37][@ref38][@ref40][@ref43][@ref44][@ref46] of the 27 cohorts in this review.

### Other causes {#sec3-12}

Throughout the reviewed series, many other causes of ED that required PP placement have been described. Etiologies vary from PP placement for neophalluses, psychogenic ED, endocrine disorders, idiopathic ED, liver failure, posttransurethral procedures, to unknown causes. Up to 12% (range: 1.8%--43.1%) of patients who required prosthetic surgery in the reviewed literature will have uncommon causes that cannot be homogeneously catalogued.

### Revision surgery {#sec3-13}

It is important to mention that revision surgery for PP failure was described in one-third (9/27) of the reviewed series. On average, 12.5% (range: 1.5%--27.6%) of patients in these series underwent revision surgery due to PP malfunction. Wilson *et al.*[@ref70] established that the revision-free survival at 10 years is 68.5% for the first-time inflatable PP placed by a single-surgical group. In a more recent analysis, Onyeji *et al.*[@ref71] showed an overall IPP revision rate to be 6.9%, in a cohort of 14 969 patients with a median follow-up of 7.9 years. Therefore, it is not uncommon for modern descriptive series to mention patients undergoing surgery for either PP malfunction or explantation for infection.

ANALYSIS OF COMBINED PATIENTS' CHARACTERISTICS {#sec1-4}
==============================================

Meticulous study selection allows homogenization among the series described in this review and therefore permits the construction of a common patient pool to determine PP epidemiology more accurately. Differences in center specialization throughout the literature may skew the percentages of some common pathology reported in the published series. For example, implanters near cancer centers may treat more cancer survivors, who may have undergone radiotherapy or pelvic surgery, compared to implanters working at big trauma centers.

We analyzed a total of 41 887 first-time PP recipients reported in the 27 series and that constitutes our pooled population. We found some similarities and differences when we compared the results from the patient\'s pool to the averaged series (**[Figure 3](#F3){ref-type="fig"}**). For example, patients with vascular disease amount to 39.1% of the pooled population versus 35.8% of the averaged results. Similar changes were observed when analyzing diabetic patients who received PP, in which the pooled population shows a 19.1% incidence versus a 26.3% in the averaged results. More similarities in the results are documented in radical prostatectomy patients (22.1% combined *vs* 23.6% in the averaged series) and Peyronie\'s disease patients (9.4% combined vs 11.9% in averaged series).

![Pooled patients' characteristics.](AJA-22-2-g003){#F3}

STRENGTHS AND LIMITATIONS {#sec1-5}
=========================

One of the weaknesses of this review is the quality of the analyzed series. Not all series encompass the full spectrum of reported pathologies, and some do not have standard definitions reporting vascular disease or the type of pelvic surgeries performed on PP recipients. Moreover, as previously mentioned, the percentages of patients reported will reflect the series' main population and will vary according to the characteristics of each different practice. Furthermore, the results of the pooled population will be mainly influenced by the largest patient series in this review. Carson *et al.*[@ref29] reported 39 005 patients, utilizing data from multiple centers, and including seven different etiologies, as well as age and race, which makes it one of the most reliable series utilized in this review in terms of patient characteristics. The main strength of this review is the use of modern series, which differ from older series in the degree of complexity regarding patient characteristic details and a better understanding of common etiologies of severe ED.

CONCLUSION {#sec1-6}
==========

The primary ED etiologies, which required PP surgery for severe ED, across modern series, are vascular disease, diabetes, and radical prostatectomy. Percentages regarding the main causes of ED requiring prosthetic surgery vary slightly when comparing averages versus a pooled population analysis. However, least common etiologies, such as trauma and radiation therapy, will vary considerably depending on the practice. Across series, the average age of PP recipients was 59.12 years and Caucasian patients constitute 79% of the reported population. Knowledge of etiologies and average age regarding PP procedures will aid primary physicians and urologists at the time of counseling patients who may be considering surgery as a treatment option for ED.
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